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ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-36) LAUNCH
I. INTRODUCTION
This report presents an evaluation of the atmospheric environmental data taken during the
launch of the space shuttle/STS-36 vehicle. This space shuttle vehicle was launched from Pad 39A
at Kennedy Space Center (KSC), Florida, on a reference flight azimuth of 39-degrees east of north,
at 0750 u.t. (0250 e.s.t.) on February 28, 1990.
This report presents a summary of the atmospheric environment at launch time (L+ 0) of
the STS-36, together with the sequence of prelaunch Jimsphere-measured winds-aloft profiles from
L-3.42 h through liftoff. The general atmospheric situation for the launch and flight area is
described, and surface and upper level wind/thermodynamic observations near launch time are
,,ziven. Since a ship was unavailable for STS-36 duty, the solid rocket booster (SRB) descent/impact
atmospheric data were not taken. However. one can use the STS-36 ascent data for SRB studies as
the best substitute.
Previous MSFC-related launch vehicle atmospheric environmental conditions have been pub-
lished as appendix A of individual MSFC Saturn Flight Evaluation Working Group reports [1].
Office memorandums have been issued for previous flights giving launch pad wind information. A
report has also been published [2] which summarizes most launch atmospheric conditions observed
for the past 155 MSFC/ABMA-related vehicle launches through SA-208 (Skylab 4). Reports
summarizing ASTP, STS-i through STS-32 launch conditions are presented in references 3 through
29, respectively. Table 1 gives the atmospheric L+0 launch conditions for all the space shuttle
missions.
II. SOURCES OF DATA
Atmospheric observational data used in this report were taken from synoptic maps made by
the National Weather Service, plus all available surface observations and measurements from
around the launch area. Upper air observations were taken from balloon-released instruments sent
aloft from Cape Canaveral Air Force Station (CCAFS). High-altitude winds and thermodynamic
data were measured by the Super-Loki rocketsondes launched from the CCAFS. Table 2 presents a
listing of systems used to obtain the upper level wind profiles used in compiling the final ascent
atmospheric data tape. Data cutoff altitudes are also given in table 2.
III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME
A weak area of high pressure prevailed over the KSC area during the launch of STS-36.
Surface winds were mostly light and northerly. Figure ! presents the surface map 4 h and 10 min
after the launch of STS-36. The flow aloft over the KSC area was dominated by light westerly
winds. Figure 2 shows the wind aloft conditions at the 500-mb level 4 h and 10 rain after launch.
Showers were scattered over the KSC area 2 h prior to the launch of STS-36 and dissipated
about 0.5 h before the launch.
IV. SURFACE OBSERVATIONS AT LAUNCH TIME
Surface observations at launch time Ibr selected KSC locations are given in table 3.
Included are pad 39A, shuttle runway, and CCAFS balloon release station observations. Neither
precipitation nor lightning was observed at launch time.
Table 4 presents pad 39A wind data along with other standard hourly atmospheric meas-
urenmnts and sky observations for the 6-h period prior to launch of STS-36. Values for wind speed
and direction are given for the 18-m (60-ft) pad light pole level.
V. UPPER AIR MEASUREMENTS DURING LAUNCH
The FPS-16 Jimsphere (0805 u.t.), MSS Rawinsonde (0805 u.t.), and Super-Loki Robin
(0833 u.t.) systems were used to measure the upper level wind and thermodynamic parameters tor
STS-36 launch. The Super-Loki rocketsonde t l)atasonde) was not launched for STS-36. At altitudes
'at_o\e the rocket-measured data. the Global Reference Atmosphere Model (GRAM)[30] parameters
for Februarv KSC conditions were used. A tabt, lation of the STS-36 final atmospheric data for
ascent is presented in lane 5 which lists the wind and thermodynamic parameters versus altitude.
A hricl stlnlnlarv of parameters is given in the following paragraphs.
A. Wind Speed
At launch time, wind speeds were 23.6 ft/s (13.9 kn) at the 60-ft level and increased to a
maximunl of 177 ft/s (104.8 kn) at 41,600 ft (12,680 m). The next measurable maximum wind
speed was 92 ft/s (t55.4 kn) at 53,600 ft (16,337 m). The winds remained below this maximum
throt, gh the 269,000 ft (81,991 m) level which was the altitude of the last measurable speed. The
left side of figure 3 shows a plot of wind speed versus altitude.
B. Wind Direction
The 60-ft wind direction was from the east (72 °) at launch time and shifted to a northerly
component at 12,900 ft (3,932 m). The winds were variable above this level and became westerly
around 19.000 ft (5,791 m). Winds remained westerly above this level to about 67.000 ft (20,422 m)
where winds took on an easterly component. Above this level winds oscillated from west to north-
west. Winds were northwesterly around 269,000 ft (81,991 m) which was the last measurable
directional height. Figure 3 depicts the complete wind versus altitude profile specifying wind direc-
tion on the right side.
C. Prelaunch/Launch Wind Profiles
Prelaunch/launch wind profiles given in figures 4 through 7 were measured by the
Jimsphere FPS-16 system. Data are shown for four measurement periods beginning at L-3.42 h
and extending through L + 15 min.
The wind speed and direction profiles for the L-3.4-h period prior to and including L + 15
min are shown in figures 4 and 5. The in-plane and out-of-plane profiles are given in figures 6 and
7. The in-plane component wind speeds were less than the February mean wind values. The out-of-
plane wind speeds were less than the February mean wind values at altitudes below the 38,000 ft
( I I ,582 in) level and greater than the mean wind value above this altitude.
D. Thermodynamic Data
The thermodynamic data, taken at STS-36 launch time. consisted of atmospheric tempera-
ture. dew-point temperature, pressure, and density. These data have been compiled as the STS-36
ascent atmospheric data and are presented in table 5. The vertical structure of temperature and
dew-point temperature for STS-36 ascent are shown graphically versus altitude in figure 8.
E. SRB Upper Air and Surface Measurements
As has been mentioned in the introduction, since there was no ship available, an SRB
descent atmospheric data tape has not been constructed. The tabular values lor the ascent atmos-
pheric tape, as presented in table 5, should be used for SRB descent/impact studies since it is the
closest measured data source.


















4 STS-4 6127/82 ii00f
Columbia
5 STS-5 11/111821 0719
Columbia
6 STS-6 4/4/83 1330
Challenger
7 STS-7 6/18183 0733 f
Challenger
8 STS-8 8130183 0232 f
Challenger
9 STS-9 11/28/83 1100
(SL- i)
Columbia
10 STS- 11 213184 0800
(41-B)
Challenger
11 STS-13 4/6/84 0858
(41-C)
Challenger
12 STS-41D 8/30184 0842 f
Discovery
13 STS-41G 1015184 0703 f
Challenger
14 STS-51A 1118184 0715
Discovery





!Press. c Temp. Hum.
N/cm 2 (°C) (_)
I0. 234d 21 82
10. 166 23 61





Speed Dir. Alt. Speed Dir.
(ftlsec) (deg) (ft) (ftlsec) (deg)
11.8 125 44,300 98 250
15.2 120
27.0 345 36,300 158 286
27.0 355
7-0e 50 e 45,000 _ 119 250
8.0 e 145e
10.200 29 70 5.8 g
4.9g
10.227 22 68 22.0
35.0
10.183 23 55 12.7
16.4
10.146 25 80 5.9 e
I0.3 e
I0. IIi 24 97 8.8
14.0
10.153 24 83 19.1
32.0
133 g 47,900 37 329
141 g
90 40,600 146 336
90
63 46,100 155 277
55
I0e 45,900 76 278
350 e
269 45,100 30 349
268
183 47,100 117 252
190
10.173 17 75 0.0 0 38,200 143 288
NA NA
i0. 149 16 56 21.5 320 37,700 176 289
18.6 275
10.172 26 81 3.0
3.6
10.210 23 60 16.5
14.8
10.227 20 59 23.0
31.1
I06 40,300 44 270
39
73 40,600 78 303
58
24 33,100 131 272
i0
10.173 18 46 17.1 228 42,900 199 265
15.5 253
Count Down and Launch
Comments of Meterological
Significance
Wind directional change observed
at Pad just prior to L+0. Onset
of sea breeze.
17-min countdown delay due
to adverse weather conditions.
1-day delay due to excessive
wind loads, calculated at high
altitudes.




















































Ther_odyvamic a Wind b Below 60,000 ft
Time (EST) c Rel. Count Down and Launch
Nearest Press. Temp. Hum. Speed Dir. Air. Speed Dir. Comments of Meteorological
Minute N/cm2 _oC) (_) (ft/sec) (deg) (ft) (ft/sec) (deg) Significance
1359 10.257 21 55 19.9 82 42,600 134 265 55-min delay due to a ship in the
22.3 82 SRB impact area, and concerns
over potential weather related
impacts (cloud cover).
Surface Observations
1202 f 10. 128 27 65 11.5 005 32,900 68 320
18.4 337 40,700 68 297
0733 f 10. 201 23 91 2.9 201 40, I00 55 298
11.3 206 46,700 55 302
1700 f I0. 174 28 72 14.9 101 48,000 53 035
_'_ 8/24 launch scrub due to13.4 113
unexceptable weather in
0658 f i0.225 24 86 14.2 073 41,000 43 123 launch area. Rain during
16.6 070 countdown.
1115 f 10.185 28 79 17.0 213 48,000 48 283 _ 1/7 launch scrub due to
13.7 171 unexceptable weather at
TAW sites. 1/10 launch
1200 10.059 28 72 12.7 217 43,000 81 218 scrub due to heavy rain
14.1 174 in launch area.
75 270 _'_ 1/26 launch scrub due in part
1929 10.202 23 81 10.1 165 49,30010.4 112 _" to potential bad weather
associated with frontal passage.
0655 10.206 12 84 15.4 323 40,000 221 263 1/27 launch scrub due in part
18.6 342 to strong cross winds at X68.
1/28 2-hr delay due in part
1138 10.253 3 27 20.1 331 42,000 174 264 to cold early morning temps.
15.3 262 (_ 1-hr and 37-rain delay due
1137 f 10. 182 29 56 13.7 058 53,100 44 304 to light winds.
13.5 047 {_ 1-day delay due to excessive
930 10.270 14 50 25.5 314 40,200 187 245 _ wind loads, calculated at high
22.0 352 altitudes.
957 10. 190 18 78 16.9 242 45,200 105 283 @ 2-hr delay due to fog and
strong winds aloft.
1437 f 10.200 26 57 21.6 106 44,200 157 255 Q 59-rain delay due to cloud
cover over the launch area.
¢j1
































































Count Down and Launch
Comments of Meteorological
Significance
l-day delay due to rain
showers in launch area.
l-day delay due to cloud
cover over the launch area.
6-day delay due to crew
illness and various weather
conditions.
a. Pad 39A thermodynamic measurements taken at approximately 1.2 m (4 ft) above natural grade at camera site No. 3.
b. l-rain average prior to L+0 of 60-ft PLP winds measured above natural grade. 275-ft FSS wind measurements
were not available after sequence No. 27.
c. Pressure measurement applicable to 21 ft above MSL unless otherwise indicated.
d. Pressure measurement applicable to 14 ft above MSL.
e. 10-sec average prior to L+0.
f. Eastern daylight time.
g. 30-sec average prior to L+0.
h. All vehicles launched from LC 39A except where noted.
i. Shuttle exploded in flight.
j. Vehicle launched from 3913.




























































10.4 m (34 ft)
CCAFS XMR c
Surface Me_urements
Pad 39A b Lightpole .




































































•7110 total sky cover reported at X68 and 9110 total sky cover reported at XMR.
a. Altitudes of measurements are above natural grade, except where noted.
b. Approximately l-rain average prior to L+0.
e. Balloon release site.
d. Pad 39A thermodynamic measurements are taken at camera site No. 3, approximately 6.4 m (21 ft) above MSL.































































Scattered at 4,000 ft
Scattered at 4,000 ft
Scattered at 4,000 ft
Scattered at 5,000 ft
Scattered at 3,900 ft
and overcast at 5,500 ft
Scattered at 6,000 ft














a. Hourly pad observations (obtained via MSFC/HOSC) averaged over 1 min, centered on the hour.
b. Sky observations taken at the shuttle runway site X68.
c. L+0 PAD wind and thermodynamic parameters obtained from HOSC strip charts. The NW anemometer was used at
60 ft for L+0 wind conditions approximately l-rain average prior to L+0.
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WIND DIRECTION TEMPERATURE PRESSURE














271.00 -8.70 0 -5586E_03
288.00 -8.87 0.5564E÷03






















296.00 -12.70 0 -5080E+03
290.00 -t2.83 0.5060E+03






265.00 -t4.19 O- 4921E_03
260.00 -14.41 0.4901E+03



































































































































































































































































































































































































































































































































































































WIND DIRECTION TEMPERATURE PRESSURE















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5. STS-36 ascent atmospheric data tape (continued).







































































































































































































































































































































































































WIND DIRECTION TEMPERATURE PRESSURE









































Surface synoptic map at 1200 u.t. February 28, 1990---isobaric, frontal, and
precipitation patterns are shown in standard symbolic form.





15" 500-MILLIBAR HEIGHT CONTOURS
|_
!"/_ :', ;I_ 105 °
500-mb height
Contours at 1200 u.t.
February 28, 1990
Continuous lines indicate height contours at feet above sea level.
Dashed lines are isotherms in degrees centigrade. Arrows show wind
direction and speed at the 500-mb level.
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Figure 3. Scalar wind speed and direction at launch time of STS-36.
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Figure 5. STS-36 prelaunch/launch Jimsphere-measured wind directions (degrees).
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Figure 6. STS-36 prelaunch/launch Jimsphere-measured in-plane component winds (ft/s).
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Figure 7. STS-36 prelaunch/launch Jimsphere-measured out-of-plane component winds (ft/s).
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